SUMMARY Endoscopic retrograde laser lithotripsy of common bile duct stones is a new technique which can be carried out through the endoscope without anaesthesia using ordinary endoscopic equipment. In the method described here a flashlamp pulsed Neodymium YAG laser (wave length 1064 nm) was used. Light energy was transmitted along a highly flexible quartz fibre with a diameter of 0-2 mm. This new technique was used in nine patients with concrements in the common bile duct, which could not be removed with the established endoscopic techniques. In eight of the nine the concrements (maximum diameter 4-7 x 3-1 cm) could be fragmented and in six the fragments could be extracted from the common bile duct. The total energy required was 80-300 J; complications were not observed.
Since the introduction of endoscopic papillotomy' 2 and the extension of the method by the addition of mechanical lithotripsy,3 the endoscopic removal of bile duct stones has become a generally accepted therapeutic technique especially in aged patients or in those carrying an increased surgical risk. About 90% of all bile duct stones can be removed, on This study is an account of the preliminary experience gained in a total of nine patients treated by this method. Depending on the anatomical situation, laser lithotripsy was done under direct endoscopic vision (two patients) or under x-ray control with a specially developed laser lithotriptor basket (five patients) or a balloon catheter (two patients) (Fig. 1) . The centering of the light guide in the basket or in the balloon catheter ensured that the safety distance between light guide end and bile duct wall was always sufficiently great. The outer diameter of the basket litotriptor is, at present, 3-2 mm, of the balloon catheter 1-8 mm. 
Results
Laser lithotripsy was successful in six of the nine patients: the concrements could be destroyed and removed endoscopically from the bile duct. In two patients only a partial success could be achieved: The stones could be destroyed, but the fragments could not be removed as they were impacted in the bile duct. Therefore, patient 3 had surgery without complications, patient 5 was given internal bile In pulsed laser systems the risk of any damage to the surrounding tissue is reduced: the power peaks may reach more than 1,000,000 Watts, but the power is only applied for fractions of a second (10 '-10 9 sec). The applied total energy per pulse -the product of power and pulse duration -therefore only ranges between 10--to 10' J (Fig. 2) .
With a flashlamp pulsed Nd:YAG laser (see Methods) we were able to fragment gall stones in vitro reliably and reproducibly."' The fragmentation Ell, Lux, Hochberger, Miller, and Demling . 1,,L, ') [ process is of a thermal nature and can be explained by a very localised high vaporisation pressure in the stone centre. For the in vivo use through the endoscope a sufficiently flexible transmission system is necessary, which is available in the form of a highly flexible, 0-2 mm thin quartz fibre. Mechanical damage of the fibre is not to be feared even in a radius of curvature down to 5 mm, transmission losses in extreme radii only amount to 15%.
In acute animal experiments implanted human gall stones could be destroyed in 16 of 18 cases."' In chronic animal experiments in eight dogs it could be shown by laboratory tests, radiographs, and histological serial sections that even the direct pulsed laser irradiation of the bile duct wall does not cause any acute (cholangitis, peritonitis) or chronic (stenoses) complications (unpublished data).
No complications occurred in the first nine applications in man. In two patients with choledochoduodenostomy lithotripsy was possible under direct endoscopic vision (Figs 3 and 4) . Risks for the surrounding structures can be excluded in such a procedure. At present, however, the choledochus may be inspected endoscopically only in rare cases. In most of the patients laser lithotripsy was therefore performed under x-ray control. There remains a risk, however, which cannot be totally excluded, that the bile duct is irradiated by mistake. In these cases a specially developed laser lithotriptor basket and its balloon modification contribute to the safety of the technique as the fibre is centrally guided in the catheter and the exact feed length of the fibre into the stone can be determined extracorporeally (Figs 1,  5, 6 ). The balloon modification is used if the stone is impacted or cannot be caught in the basket (Figs 7, 8, 9) .
In eight of nine patients the concrements could be smashed. Possible reasons for the unsuccessful lithotripsy in patient 9 are a disturbance in the laser system (a control system of the power output at the distal end of the fibre during the treatment does still not exist), an unsufficient contact between the fibre and the stone or a special quality of the concrement -for example, a pure pigmented stone. In two patients the fragments could not be extracted through the endoscope as they were impacted in the bile duct. The reason for this is that the present Nd:YAG laser can only smash the gall stones into several larger particles. This can be improved by further developing the socalled Quality switched Nd:YAG laser and the pulsed dye laser. With these two systems it is possible in vitro to smash the gall stones into particles of only millimeters which then can be discharged through the papilla or can be easily removed." 12 With the Q-switched Nd:YAG laser the fragmentation is done mechanically by transforming light energy into a local shock-wave, the socalled optical breakdown. In the case of the dye laser with a wave length in the range of 450-700 nm the mechanism discussed is of thermal or mechanical nature. 3 The reduced or absent danger of thermal damage constitutes future advantages of the dye laser and the 0-switched laser.
While fibres of 0-2 mm can be used in a dye laser and a flashlamp pulsed laser which allows the endoscopic retrograde method, the Q-switched laser still needs a fibre diameter of 0-6 mm. The retrograde use of the Q-switched system is therefore not possible as the fibre is too rigid bearing the risk of mechanical break in the smallest radius of curvature (Alberan lever).
The first successful applications of endoscopic retrograde laser lithotripsy of bile duct stones in man described here mark the beginning of a new endoscopic technique. Further developments of the laser systems and improvements of the endoscopic equipment will open up the possibility for laser lithotripsy to become an economical, efficient, and safe endoscopic technique, and thus complement the nonsurgical treatment methods of bile duct stones. 
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